Samples of isotopes in ground water and ground-water level records indicated relatively recent recharge to the Madison Limestone near the outcrop. Tritium concentrations in water samples from a well completed at a depth of 75 feet in the Madison Limestone indicated a substantial proportion of modern (post-1952) water. Water levels in that well and in another well completed at a depth of 1,500 feet in the Madison Limestone varied seasonally, in response to seasonal variation in streamflow in Little Box Elder Creek. Water-quality samples from the Madison Limestone at a depth of about 6,500 feet below land surface and about 3 miles from the outcrop contained larger concentrations of dissolved solids and different proportions of the principal ions than in water samples from near the outcrop. Apparent carbon-14 ages of two samples from the deep wells were 16,200 and 19,200 years.
INTRODUCTION
The Madison Limestone of Mississippian age is a major source of water in the Glenrock area. Uses of water from the limestone in the area include municipal, industrial, irrigation, aquatic-habitat, stock-watering, and domestic supplies. The city of Douglas obtains much of its water from a spring in the area that may be supplied by water from the Madison Limestone. The Panhandle Eastern Pipeline Corp. completed three deep wells (about 6,500 feet below land surface) in the Madison Limestone for industrial use. Knowledge of the volume of streamflow recharge to the Madison Limestone will aid water managers in making decisions regarding development of water supplies from the limestone.
Purpose and Scope
The purpose of this report is to present the available information in a way that will aid understanding of the following: Most of the information presented here was collected during previous investigations, but had not been compiled for the study area. As a supplement to the existing information, some additional data were collected during 1983-84. Sample collection and measurements of specific conductance, pH, and temperature followed procedures described by the U.S. Geological Survey (1977) . The water samples were analyzed using methods described by Skougstad and others (1979) .
Description of Study Area

Physiography
The climate of the study area is semiarid. The weather station at Glenrock reported 15 inches of precipitation during 1982 (National Oceanic and Atmospheric Administration, 1983) . The predominant vegetation is grass and sagebrush; cottonwood and box elder trees grow along the streams.
Geologic Setting
The southern margin of the study area is formed by an anticline. Streams have eroded through the anticline, crossing several formations that have been exposed by erosion of the anticline. The formations dip northward, into the Powder River structural basin ( fig. 1 ). Precambrian rocks are exposed at the top of the anticline and the Madison Limestone (Mississippian age) and the overlying Casper Formation (Lower Permian and Upper and Middle Pennsylvanian age) are progressively exposed, in a down-dip direction ( fig. 2 ). An easttrending, concealed fault, along the northern part of the study area, was mapped by Love and others (1980) . Rejection of recharge, caused by offset of the shallow and deep parts of the formations along the fault has been postulated by Huntoon (1985) , but the offset is difficult to verify because Tertiary formations blanket the area of the fault. Drillers' logs of wells in the study area indicate an approximate thickness of 300 feet for the Madison Limestone and 900 feet for the overlying Casper Formation. Sinkholes and caverns are present in the Madison Limestone and the overlying Casper Formation, but are more common in the Madison Limestone. The primary permeability of the limestone and dolomite of the formations is minimal, but secondary permeability caused by the cavernous nature of the formations can be substantial. An outcrop of the Cambrian Deadwood Formation, which underlies the Madison Limestone, was mapped in the area by Barlow (1949) and has been combined with the Madison Limestone in this report.
Station-and Well-Numbering System
Streamflow-gaging and crest-stage partial record stations have been assigned eight-digit station identification numbers. The first two digits indicate the river basin in which the station is located; for example, 06 refers to the Missouri River basin. The remaining six digits are based on position in the river basin and increase in the downstream direction.
Wells and springs are numbered by Federal system of township, range, section, quarter-quarter-quarter section, and sequence number. Quarter sections are lettered counterclockwise from the upper right. For example, well number 32-073-06aba01 is in the northeast quarter of the northwest quarter of the northeast quarter of section 6, T. 32 N., R. 73 W. (fig. 3 ). In this report, sequence numbers are 01 unless otherwise shown, and are listed only when necessary to distinguish multiple wells within a quarter-quarterquarter section. 
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RECHARGE FROM STREAMFLOW Little Box Elder Creek
Two streamflow-gaging stations were operated on Little Box Elder Creek 
Box Elder Creek
Two streamflow-gaging stations were operated on Box Elder Creek. Station 06647800 is 3 river miles upstream from the contact of Precambrian rock and the Madison Limestone; station 06647810 is less than 1 river mile downstream from the contact of the Madison Limestone and the Casper Formation. Streamflow at the contacts generally differed from streamflow at the gaging stations by less than 10 percent (fig. 6 and Boner and others, 1976, p. 14) . Comparison of hydrographs from the two stations on Box Elder Creek indicates that streamflow rates were nearly identical at the stations. The annual volumes of water passing the two stations also were nearly identical during water years 1982-84 (table 1) ; the average annual volume was 60,900 acre-feet at the upstream station, and 61,500 acre-feet at the downstream station. The difference between annual averages at the two stations was 600 acre-feet, or about 1 percent, which is well within the error associated with discharge measurements (for example, plus or minus 5 percent). Given the large secondary permeability of the formations and the recharge by Little Box Elder Creek and Cottonwood Creek, offsetting gains and losses to Box Elder Creek seem likely. One possibility is discharge to the creek from a local system offset by recharge to the regional system.
GROUND-WATER QUALITY Principal Ions
Samples were collected from eight wells and one spring ( fig. 1 ) for analysis of principal ions, which are calcium, magnesium, sodium, potassium, alkalinity, sulfate, chloride, fluoride, and silica. Samples were collected from locations representative of the Madison Limestone and from the Casper Formation to form a basis of comparison with water-quality samples from other locations. Water from well 32-074-08dbc was chosen as representative of water from the Madison Limestone. The well is shallow (depth of 75 feet) and is completed in the Madison Limestone above any exposures of the Casper Formation. The well chosen as representative of the Casper Formation is well 15-073-01dca, which is near Laramie, outside the study area. A location outside the study area was necessary to ensure that the water sample was representative of the Casper Formation and unaffected by water from the Madison Limestone.
As indicated by modified Stiff diagrams, calcium was the predominant cation and bicarbonate the predominant anion, based on milliequivalents per liter, in samples collected from wells 32-074-08dbc and 15-073-01dca, as well as in samples collected from four other wells and one spring ( fig. 7) . The four wells, which were flowing, are completed at an undocumented depth; therefore, the source of the water is unknown. However, a local resident (William Barber, oral commun., 1983) believes they are abandoned oil wells drilled during the early 1900's and completed in the Madison Limestone. A modified Stiff diagram also is shown in figure 7 for Little Box Elder Spring (station 06647910), which discharges from an outcrop of the Casper Formation. Dissolved-solids concentrations in samples collected at these sites ranged from 199 to 250 milligrams per liter (table 2).
Samples were collected in 1974 and 1981 from two wells completed in the Madison Limestone at about 6,200 to 6,500 feet below land surface. As shown in figure 7 , the water temperature, and concentrations and proportions of principal ions in water from these two deep wells (wells 33-073-32cd and 33-073-32dc) were quite different from those in the well completed in the Madison Limestone near the outcrop (well 32-074-08dbc). The concentrations of dissolved solids in water from the two deep wells were 1,250 and 1,160 milligrams per liter; calcium and sulfate were the predominant ions. Swenson and others (1976) Limestone increasing from less than 1,000 milligrams per liter in the study area to more than 3,000 milligrams per liter downdip in the Powder River structural basin. The concentrations of dissolved solids in samples from the two deep wells are intermediate to concentrations at the outcrop and in the basin, and are consistent with the location of the wells along a recharge path from the outcrop to the basin. 
noted concentrations of dissolved solids in the Madison
Isotopes
where t = apparent carbon-14 age, in years; t /2 = the half-life of carbon-14 (5,730 years); Ao = initial activity of carbon-14; and A = activity of carbon-14 at time t.
The apparent carbon-14 ages need to be adjusted for several factors such as dead carbon (Back and others, 1983) ; therefore, the ages given above are not absolute. The presence of tritium in water from well 33-073-32cd may be the result of contamination of that sample.
The isotope data in the study area are consistent with recharge from the outcrop to the regional Madison Limestone in the Powder River structural basin. In a regional study of the Madison Limestone, Busby and others (1983, p. 20 and 82-86 ) described a flow path northward from the study area into the basin. Busby and others (1983, p. 118) hypothesized that the Madison Limestone is permeable on a regional scale based on apparent carbon-14 ages of less than 40,000 years. In this study, the two carbon-14 ages of less than 20,000 years from samples of the deep wells are intermediate to isotopic ages at the outcrop and in the basin, similar to the pattern observed for dissolved-solids concentrations and consistent with the flow path described by Busby and others (1983) .
GROUND-WATER LEVELS
A potentiometric-surface map of the Madison Limestone shows that hydraulic heads decline from the study area into the Powder River structural basin (Swenson and others, 1976) . By convention, ground-water flow would be perpendicular to the potentiometric contours, in a north to northeast direction.
Wells
Ground-water levels or flow rates were measured in five wells completed in the Madison Limestone. Two wells (wells 32-074-08dbc and 32-074-03bcd) were equipped with continuous recorders. Well 32-074-08dbc is completed at 75 feet below the land surface and is about 200 yards from Little Box Elder Creek. Well 32-074-03bcd is completed at about 1,500 feet below the land surface and is about 0.25 mile from Little Box Elder Creek. Seasonal variations in the water level in the two wells ( fig. 8 ) corresponded to seasonal variations in streamflow and indicate recharge from Little Box Elder Creek. The highest water level during 1981-83 in well 32-74-08dbc was recorded within a few days of the maximum streamflow in Little Box Elder Creek. The highest water level in well 32-074-03bcd lagged maximum streamflow in Little Box Elder Creek by 1 to 9 weeks during the 7 years that the highest water level was recorded.
Discharges or water levels or both also were measured in three deep wells completed in the Madison Limestone at about 6,200 to 6,500 feet below land surface. During 1983-84, well 33-073-32cd discharged 3*4.1 to 51.4 gallons per minute and well 33-073-32dc discharged 22.9 to 34.7 gallons per minute (table 3) . Flow from the two wells indicates hydraulic connection between the wells and a source of recharge. Water-level measurements from a dual completed well (32-073-06aba01 and 02) also are listed in table 3. The two perforated intervals in the well are separated by a packer; the upper perforated interval (01) is in the Casper Formation, and the lower interval (02) is in the Madison Limestone. Water levels in both formations were less than 35 feet below land surface.
Little Box Elder Spring
Little Box Elder Spring discharges inside a shelter, in which station 06647910 is operated. The Casper Formation is exposed at the land surface in the area of the spring.
The discharge of the spring varied seasonally, with maximum discharges during March to June (fig. 9) . The spring discharged an average of 1,740 acre-feet per year during water years 1981-84; annual volumes ranged from 1,370 to 2,190 acre-feet ( 
SUMMARY AND CONCLUSIONS
Records of streamflow from paired streamflow-gaging stations upstream and downstream from the outcrop of the Madison Limestone indicated substantial recharge to the Madison Limestone from Little Box Elder Creek and Cottonwood Creek. Recharge from the two creeks contributes, at least partially, to a local ground-water system which discharges at Little Box Elder Spring. The volume of water lost from the creeks during water years 1982-84 was less than the volume of water discharged from the spring, indicating additional contributions to the spring flow from other sources, such as precipitation or ground water from the Casper Formation. Recharge to the spring from the two creeks indicates hydraulic connection between the Madison Limestone and the Casper Formation near the outcrops. Data from the third creek in the study area, Box Elder Creek, indicated little or no net gain or loss of streamflow between the paired gaging stations. Given the large secondary permeability of the formations and recharge by two other creeks in the area, hydraulic connection of Box Elder Creek with the local or regional ground-water systems seems likely, but such connections apparently are offsetting. Water-quality and water-level data indicate recharge from the outcrop to the deeper, buried parts of the Madison Limestone in the Powder River structural basin. Concentrations of dissolved solids and carbon-14 ages from samples of two wells completed in the Madison Limestone at about 6,200 to 6,500 feet below land surface are consistent with increases along a flow path from the outcrop to the basin as described by Swenson and others (1976) and Busby and others (1983, p. 20 and 82-86) . The flow from those two wells ranged from 22.9 to 51.4 gallons per minute, also indicating hydraulic connection with a source of recharge and consistent with the potentiometric surface shown by Swenson and others (1976) . The quantity of streamflow recharge to the deeper, buried parts of the Madison Limestone, in relation to that recharged to the local system near the outcrop, is not known.
